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(57) Abstract: A digital communication device includes: a modulator having encoding means for converting two-dimensional digi- 
tal information signal into a three-dimensional signal and phase modulation means for modifying the carrier phase in according to the 
three-dimensional signal; and a demodulator having phase demodulation means for detecting information on the three-dimensional 
signal from the received phase-modulated wave and demodulation means for deciding the two-dimensional digital infonnation from 
the information on the three-dimensional signal. The digital communication device has a bit eiror ratio and an occupied radio band 
widtti equivalent to a digital communication device using the oonvendonal QPSK or 71 /4 shift QPSK and the error correction method 
and gieatjy impro ves the amplitude Clucuialion. Moreover, the digital communication device can transmit a signal with a narrower 
occupied frequency band width while maintaining the same constant envelope charactt^stic as the GMSK using the conventional 
eitor correcljon code. 
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26 ^>*kt^^tt, iSfctw i 5 UTff fctvSo AD^ifeS 2 7 1 ©ai;^fS-§- 
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om^^mmmi-i. mm v rzm^^^(o mm ^ w-i^ m t -t ^ - d^yt :itf ^ 

5 •f-jfeSr'l''L->i-r5 -J5c7c;«f l^^liSfc©, ^ (x. y) {c*5ttsa^?&« 
t LT*ft 5 r i: )SS-e# 5. r (DJft^?g« ©fit© SsfSScSr t ») . $.e)i::H 

(c) {r^-r 3 1® <Ofl-§-^ 5 4 0 , 5 4 1, 5 4 2 Srffi 
ft-i-;^ 5 4 0 {cM^^Mm±&\-i 2x, ■fS-§-;fe5 4lic:^-t-5*l-|S±^ 
10 tt (-x+V"3y), ft-i-^ 5 4 2 j;:*ri-5M^?fc*tt (-x-^TSy) 

i:!ft5<, 0*0. AD^ift:^ 2 7 1 i: AD^ifeS 2 7 2 (Dm:fj*> fo^J, 

^*J*;S: 7 © 3 5c fc^ji^^^■f•^t;l& t ffl v^ 

tji/4->'7 ^QPSK^«V^)t?e3^50•5*^' i^iS'/l'S'ft^Bi: 4-i^-a-6<J 
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*«j 3 o X5felf -f « r t *s-e# ^5, 

5 b / N o *ri& tj Q P S K i f) «tl,TV>5 r t *S K *^ /j: o ^fei. 

— SR 9 frJE:;^^^co^^T;^^i^tf , 2 7cA:t) 3 tcW;:^^ U friE«^-§-0D 

Sr 3 fitt:: L TSafSI" 5 ^g-^, ^v^^mMmjEAS 3flti:/j;53filASK 
S K t tztc?^j2<?f-n-^^ m^^t^Lm^:^^^ 10 . E b / N o it^ •? m<^ik 
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O<D'te^«-^ 5 4 0 ^ 5 4 1, 5 4 2 ©raSr, ai^^fcHJ: 5 8 J; 5 CUjJo 

h ?)^''itilLm^ 5 4 1 ti^ hiSL^^ 5 4 2^, iy^lUi^mi^ 5 4 2 d»P> 

54l!4>e>{feft^540 'vJl^-t-S J; 5 l;: , :& HI «te l6l ^ «) 

v^T. i <o — i&:U^^Wc-dimmi^^£^ i 5 l-SS^Idia; 5 8 » -f jKv SI 
1 2 t {f -^IS^S 13^011©|pIi^fcB^m;t5t. ^ 

ik^-r ^ ^ t icx ^ . m^\^ifh<^-oi>i>o n-Wit?^i 1 fe^Ti^tui/t 

8 cojS^feflgroHHf^^ t ii:^S^^:^>/i5f^tg#i^T^^5„ x - ^J' la tS 
lai^e 2 ®tli;t)gt?^tt, m^SS 6 3 i:*^S6 4 ^r43V^T, -^rix^tu sin 
2jcfltt sin(27i:flt + n/ 2) C e)ix, 6 5 |C*5 

V^-C-&^ $4X5, ^StS 6 3,6 4 *i J: tJ«*SIS 6 5 05 f^^ , jfej^x 



wo 2004/032335 PCT/JP2003/012675 

22 

7 ^ /v^ )^;^jS?^£^^©&?i^Srffl v>-c 1> S v^. ^ip^^6 5 ffi ft 
15 >f /v-i? 1 4 fca:^ CI© J; 5 JJ:U-C#fetuS^P&?^f*> 

t A/ ifi^#SrS»t?&v^. r. Q P s K® i 5 

y^^mi^x ^^^mE.m&mmmit. m9ni£.:^^t gms K%ffiv^ 

fitif ^Pfeco c&^^i£*IttGMS K*f$© 1 . 3 3|&-cfos, r:i^fi, 
v'>'5}</l'Mco{4^SS#g;iS, G M S K f± jc / 2 -t" fe 5 co M L , ^-S, 
25 iP&H^B^t^ige^TMiic:^ 2 « / 3 i t < fc>{), ^ffti^M fcfc •? © 
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ts^m-t^o-x;, E b /N o f^i^y-i-S^ 9 *!>s^tv-c v^ l2l2t;::^L 

ffiV^T*^■r SfcJ6»C«, QV SYLCDm^ tmm\^. m^itmi / 2 n 

D^-aiScDttK?: t *> . I^ — (D E b /N o 
10 J; 9 . ^'T^&mSilioilgSr 2/ 3 lij^fe-f-r i: ds-et 5. «iSf^x«, 

v^5:a^ 5^^/^K1t^®^^o^^-C tj. <lri®ffl -T 5 r i: -e # 

25 SffiOiai^^^. E b /N o »c*|-i-58ft •? i?Sr^e>!!i!ttfJ:-f-5 



wo 2004/03233S 



PCT/JP2003/012675 



24 



* , -tJ- K o — tT' CD ^ ^ h /u i> J^i ^^ r i: *^ . PJI ^ ^wv t 
10 4#ttSriNtJf Lfc**. ,&>r^iSic»lS4*iSr 2/3 {i«a'> $-1^:5 r ir/JST- 



± © fij ffi ^ tg 14 
15 «s^;^7'Atct>*f^T?fcSo 



20 



25 
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n ^ (o ^ m 

1. 2 557*^ /Ht^{t#Sr 3 5E'ft-§-fc|g^ LT^f -§-^t; L,. a^*?F# 

2 557*^ v>;J'v'Ht«Sr#5 r i: Sr#?S t i" 5 >f /V- ii {t «fe o 

3. 2 tct'V i>i5'>'Hf $B{s-§-.^ 3 TC^t-^fc^ia-f-S^*^^^® t , i» 

10 W&ffilEfl^iS; t ^ i: Sr#m i: -f 2. x ^' ^ /uiiftSllS. 

, w o4i*i«IB^g;die>ai;^; $ tu5 37cft#^wM•r5tir«S:fflv^ 

15 5. m^n^-it^Wtk-i. 2 7Dx-r i?i?yi'1t^Sr5i5B-t--5®5E^ife t , S 
^®jffi^Sd>fctii;^$ix5ft-i-»-*}-UT;tf nrftGF (3) ±(Di»|fSr 
^f5#St«r«;tfc3 5c ^t: # ® i: SrA«i-5 r i: Sri|#iSc f -5 ^ 

20 -e^SSnSP!? UiE^gF-i-Sr^^i-S^Si:, W IB IS <3 IT jE ^ O 

{d^f^S LT, *i*^Wt;:2 «/3 -f offiffi<is^;5; 5<f -^-^Sk^Sr t>o;£'a#&^ 
25 ii*4r&^i-5^ii**4Sbfc:i fc Sr!|#mfct-5s I»*<d|6B^ 3 ^SIB 
«©7*>r i^^/vii It^®. 
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8. sftsaje&ij&ig9siSife^#®«, f^fnffn^^i^Lit 2^<Di^>^/uic 

10 10. tfrlB^^i^gg^&^fife^iifi, 3 Tcft-il-Srilffi t b < ttBlSi-s 
*B © iS ^ »i 1* (c ^ JS: ^ 5 itt ^ ^ if 1^ ^ Sr aj ;^ -f- 5 jS; ^ )fe IE tg ^ 

mm. 

11. 2 ^ i^^'/Hf aSrgffi-t-5<S|g:^@o@M#® t , S^ilffi^ 

$tvS{f A;^^t-^{c^ LTX/p T^G F (s) ±oS5^ 

20 «CG F ( 3 ) ;i t ^mmt-r^. 3 5c«-i-^?F-§-fk3ltt. 

12. B(rfB^-§-^t;*Stt. 2 7cf*>(' 5?^/Hf ^SS:®3g-t-5i^||:^@©3lM 

GF (3) ±<Dmwi:n 0 ^^t ^firmv. <i^^j:< t hAtim^- tmn^ 
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13! 2 5cA;bft-§-fc^* UT, ^J«#,3S5*;SS 
g (D) = 1 + 2 D + D * + D + D « + D s 

L < (i: . 

g (D) = 2 + D + 2 D 2 + 2 D * + 2 D * + 2 D « 

g (D) = 1 + 2 D + D 2 + D " + D 5 4- D 9 
hV< it. 

10 g (D) = 2+D+2D2+2D<+2D«+2D« 

■e^^^tuS ytfe^f^iii^^^iif -i-Sr^^i-S fcfc^iii^^^?-§-^biggT-&5 r 

15. 27G7'^i?^'>'Hf^A»6>:ifnT#:GF (3)±T?^^$tb5.m?) 

16. 3 7E{g-§-sr®®'b u< fiiBnt-r-s^st > f^m^Kmmvt^m^ 

17. 2 TGT^-i' i^^'/HtaSrilffii-SffiiciitDiiM^g^i , 

25 ®!J^e>ta;^ $tu5ft#i: A:*ft#fcML-c^f ot^*:g F (3) ±©iS# 
SrfT5¥iS:t S::ar^iL. i!?*< t A ;^ i: i!^ W 51 ji ¥ © S: n T 
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6 



10 



15 



18. 2 TcXttim-KM VX . :^^#:S^*S 
g (D) = 1 + 2 D + D 2 + D * + D ^ 4- D « 
t> L < fi, 

g (D) = 2 + D + 2 D 2 + 2 D * + 2 D ' + 2 D * 

t» ^ ;t $ *u 5 ^ ^ ^? -f- 2r 4 ^ i- 5 ^ 3i * ij^ f (2 ^ g «r fit ^ 5 
r Sr#mi:i--5x 7* <5f /v IB iS S fi „ 



25 
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MiE#03it*ro|gia [2 0 0 4^3^9H (0 9. 03. O 4 ) : ffilia 

I33<©it*fl)®sffl 1 - 7, 11— 15s i7&i;i 8i±iiiE*;h.fc ; {ifea>m*fl>©iitt^M 

JSU (4M) ] 

2. (^IE^) = ffi{3i^i^P$n75:(t^Sfeffi«PbT2 7cA:^J37cai:^ 

^DlriE^^^*^ 6 3 7cff-^(ciir%it^s:^mb. a^iaisagsjcj; o 

3 . (ffilE^) 2 7CA:^3 3 7Sm:^7g|DfriE??F^^^lC J;^T 2 Tcx-f 

m^mum^ma-^ 6 ta* 3 7c{t#K:ii-r -sit v^x 2 tca* 

F (3) iwiS^^ea 3 ^fefefrsJB^¥IB:tS{i^* ciii^^mt 
GF (3) ±-vm^-sn^m^fTiEmn^±fSiv. 
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10 i^i^ jvmmmm, 

9. 3 5fc^i-^siiffit) L < Ksatsrs^e f^F-BWtciiiiggbfcigiSc© 

m * * n 5 it ^ fig ^j- 1 1^ ffi ^ ffi T as ji & s a ^ ^ « r ■& ^ s t s 

10. m^M&mMmm^mmm\t. 3 7cm#?&>i)8ife k aisis-rs 

ffi © a ^ fi B): ^ ^5 -r 5 it 3^ ^ 1 1^ ffl ^ ^J- ^ ffl :»3 -r s 13 IS ^ 

mm^Wit. ^mmm^Witi'^mti-^n^mmixf}m^\zn\^xiiu 

25 T#:GF (3) ± © <£ fr 5 3 ^ t T S ftl^^® t ?^ Rffi L , 

< i "b A^7<t#i:®«l®il®#e©tti*1t^*:!5f P Tft:G F (3) ±(0 
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:^fe#fc^L.T:^D7#G F (3) ±<Di^»StTP^S t S*M L, 'J?- 
5 ^< t t>A*^^t«^OiiaE*aoW*<i^i£:iJn7fls:G F (3)± 
©tK^fcfflV^S 27cA:tj 37ctU:<jK0friE49F-^'ftiSBTa6S d t 

iRfSpii*®ieH^ 3 . 5. 6m<D^nii^\z^m<D-7'^ ^^fjum 

1 3. (SiE^) 27cA:<j^#{c«LT, ^fig^JSSC** 
10 g (D) = 1 + 2 D + D 2 + D * + D 6 + D 6 
"b L < 

g (D) = 2+ D4-2D2 + 2D'» + 2DS+2D8 

A:^ 3 5ct^*^DtrIE^^■^'(fc^B. 
15 14. miEm) t^m~.m&m^m^mit, ZTtxtjmmzMvx. 

g (D) =1 + 2D + D2 + D< + D« + D« 

% L < , 

g (D) =2+D+2D2+2D*+2D5+2D8 
20 T^^^nS 37cffl:/7<^SI0friEfSF^<&^^-r5 2 7CA* 3 TCffiAfg?) 

1 5. (mm^) 27nx^ i^iS'JUSIBff -^^^ D T#:G F ( 3 ) ±TM 
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T^GF (3) ±<Dt^^^n^ 3 ^fit-r^tan^mt^Amv. 'pis, 

18. (ffiiEm) 2 7cA;fjft#fc*t UT, ^^^m^-ti^ 
S (D) = 1 + 2 D + D 2 + D * + D * + D « 
15 t) b < tt , 

g (D) = 2 + D + 2 D 2 + 2 D * + 2 D B + 2 D « 

•vmm^tl^ 3 7GtB:^3©Mt)SnE«F^ft*^f S 2 7cA* 3 7cHl*S{D 
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2 7ii=f i> -< ^ m i^it ^ X ii^ h n ^ it <D 2 oojaasr — 

lfT~22^T> ||15HllfT~18ff, f^l6Hl2fT~24ff 

P 2 0 0 3 - 2 0 9 4 9 3) (0;*:m^t*^#ti:) l-tt, •?:tD@2tC 

3 it H ^ fS -r 5 ^ Jjs 15 ^ $ n T 5 o 

§lffl:S:Sfc2 (JP2003-1 4 234 9) (02f^S:Sttt^ 
^tt) leitt, tJ&5l5S$lfi:L-C2ili[*-7c^i9friE^f-§-{btcJ;!5i^-i- 
{|;L7t2fiti: U^ r(D?f-^^t;2flSSr 2flS#ffiig«ifcJ: <0 W^it\^it 

2ocotoSS:'^ti.^*tt3!&i:LTfT5 1)C0T-fc . n^ih^U^'^ ^ 

nie(027u{t-§-Srp^ro^{jt«-^te:^^1-5l^»-, #<itjf-§-{C 
25Em-i-tc^jSb/£V>m-§-)5S3S*i-'5iS^iffii4S±i:5fc*fw^mp;^ 

7C$tlSn^ro27C^t-§-«±<S?feo/t'{>cotfii9, fi^ h^t)^ 
355 ® ffi i- 5 . ^ IS , Sg t) ^5 » *s ^ ^ -r 5 t v^ 5 Pp^ ffl Tis fc 5 o 

m(om±ii^M < . — 3 yb tii t) (D m tTlE W ^ 
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Fig. 3 
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Fig. 4 
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Fig. 7 
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Fig. 9 
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Fig.lO 
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Fig. 11 
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Fig. 12 



